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I. Summary of work carried out daring the grant period. This

covers mainly the still unp;. .,shed work, or that which is in

press.

S1. Tricyclo[ 3. 2. 1. C '" ]octane (IlM). The report by Kirmse

and Pook 6 of the synthesis (. D' 5-bicycio[ 3. 2. 0] heptene made it

interesting to consider the s ,nthesis of III. The hydrocarbon and its

*i derivatives proved to be e. ..-ily prepared as shown below. 3

•' 0

S+ RCO3N- IlIb

"Cl CC
S+ RCOl2  ~ " •I

Mlia

+CHaNz + Gu2 C1u2 Ci I

On the basis oi molecular models, we concluded that these compounds

should possess an "inverted" tetrahedral geometry at the bridgehead.

Thus, if one were to pass a plane through the three CH2 groups

attached to a given bridgehead carbon, the plane should intersect the

central C-C bond. Sibsequent electron diffraction studies of III and IIIb,7
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as well as an X-ray crystallographic study of IIIa 8 have indicated that

this conclusion is correct. As indicated in the introduction, the only

reasonable hybridization at the bridgehead is approximately sp2 to the

CH2 groups and p to the other bridgehead carbon.

The thermolysis of III was investigated, and it was found to

ihave a half-life of about 20 hours at 200°. The product was a

saturated polymer which did not appear to be derived from any olefinic

rearrangement product, but rather appeared to be formed via inter-

molecular bridgehead-bridgehead coupling. The thermal stability of

III, despite its considerable strain, is probably a consequence of the

geometry which prohibits a symmetry allowed two step cleavage of

the cyclobutane ring and prohibits the formation of products having a

double bond to the bridgehead.

On the other hand, III is quite reactive toward other reagents.

Thus, it reacts readily with oxygen at room temperature to S, "e e, 1:1

copolymer with an average molecular weight of 1700. It reacts essentially

instantaneously with acetic acid and also with halogens. The latter

reaction is interesting in that the intermediate organic radical is quite

reactive and abstracts a chlorine from mrn 4 'yiene chloride.
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III 
- 0-0

+ HOAc

Br +Br

+ Br? CH2G12

Br Cl

The hydrocarbon, III, also reacts readily with a number of other

reagents su, a as acetylenedicarboxylic ester and bromotrichloromethane.

The heat of combustion of III could not readily be determined

because of its high reactivity. However, the epoxide, IIIb, does not

react with oxygen. Its heat of combustion was determined and led to

a strain energy of 65 kcal/mole. 9 This is not very much higher than

that of bicyclo[ 2. 1. 0] pentane (53 kcal/mole), suggesting that it may

be possible to prepare compounds of this type having smaller rings.

2. Wurtz Reactions of Bridgehead-bridgehead Dihalides. One

of the possible ways by which tricyclo[ 2. 2. 2. 01 ,] octane (IX) and



tricyclo[ 2. 2. 1. 01 4] heptane (VIII) might be prepared is via a Wurtz

reaction of the corresponding bridgehead-bridgehead dihalides. This

type of reaction has proven very useful for the synthesis of bicyclo-

butaneI and of bicyclo[ 1. 1. 1] pentane. 2

The dihalides were prepared by co'-,entional methodý and were

subjected to Wurtz type conditions with the following results:

Br

Na \Ný X ~ N/

t- BuOH ak7 _

Br 0 and other coupling
products

Na Na/K

t-BuOH

Br B

and other coupling
products

ACl
Na 4$ Na/ K++

t-BoH B CO
and other coupling

products

Br

SNa Na/K

C1 and other coupling

products



The Wurtz reactions carried out in cyclohe~xane as the solvent

were uniformly unsLccesful; and gave predominantly free radical

coupling products. In a better ionizing solvent, and particularly under

dissolving metal conditions, XIII gave the hydrocarbon III as the only

volatile product. HoIwever, XIV gave mnainly the Grob type frag-

mentation product, 1, 4-dimethylcnecyclohexane, whereas XV and XVI

underwent only reduction. The Wurtz reaction therefore appears unsuited

to the preparation of the desired tricyclic compounds and Al' 4-bicyclo-

[2. 2. 0] hexene.

3. A 1, 4 -Bicyclo[ 2.2. 0] hexene. With the failure of the Wurtz

closures, A" 4-bicyclo[ 2. 2.0] hexene (IV) became the key intermediate

* for attempted synthesis of VIII and IX. The alkene, IV, is also inter-

esting in its own right. A number of attempts were made to prepare

IV. One method, from the dihalide, was unsuccessful as indicated

above. Other methods of dehalogenating XVI (such as with sodium

phenanthrene radical anion) were equally unsuccessful.

This led us to examine the possibility of preparing IV via the

diazoalk,-.ne as Kirmse and Pook 6 had done for the next higher homolog.

The photolysis of the tosylhydrazone XVII was not successful and gave

only the azene. 3 The thermolysis of XVII was however found to be

satisfactory provided it was carried out under high vacuum and the

product collected in a liquid nitrogen cooled trap. 10

When the contents of the trap were allowed to warm to 00,



an exothermic reaction occurred leading to a Diels-Alder adduct

between IV and 1, 2-dimethylenecyclobutane which is also formed

in the reaction. The addition of an excess of cyclopentadiene before

warming the contents of the trap led to the Diels-Alder adduct betweeni

IV and cyclopentadiene,

@!N-N-Ts N-- N

• XVII

0

+

• IV

The nmr spectrum of IV could be obtained at low temperature.

3. Trans-fused Bicyclof n. 1. 0] alkanes. We have prepared

both cis and trans-fused bicyclo[ 6. 1. 0] nonanes and have determined

AI



both their heats of combustion and reactivity toward acetic acid.

Both were found to 1ave the same heat of combustion indicating no

difference in strain energy. 11 This is in contrast to the cis- and

trans-cyclooctenes which differ in energy by 9 kcal/moleP Thc

reactivity towards acetic acid v~a's found to be essentially the same,

and the same type of products we,re formed in both cascs.

The trans-fused bicyclo[5. 1. O]octane was prepared by the

sequence:

CH 2h B2H6  B3(I 2 Cr_3  HCO2 Me

CH hv I

SMe0ZC .
MeOH e

IS

The hydrocarbon was found to be 18X as reactive toward acetic acid

as the bicyclo[ 6. 1. 0] nonanes, and the predominant mode of bond

cleavage involved the central b'nd in contrast tL most other compounds

I in this series. This indico. ,• a sia'! ,: it sig.,i2icant destabilization of

the central bond by trans- ring fusin.

An attempt .,as made to prepare the next smaller compound by

-: Ia =



a second ring contraction as follows:

0
II RCO3H;

ROG 2-C- Me ---- t- HHO

Cr0 3  B TsN3

HCOZMe

NZ

"_ -a- OMe
MeOH

0

The formation of the a-formylketone was difficult because the ketone

was resistant to enolization. Nevertheless, it was possible to effect

the conversion, and the reaction with tosyl azide proceeded normally.

However, in the photolysis step an abnormal reaction occurred leading

to a bicyclo[ 3. 3. 0] octane derivative.

4. Other Bicyclic Compoands. We have examined the pre-

paration and interconversion of bicyclo[ 1. 1. 1] pentane derivatives in

some detail. The results of this investigation have been published. 2

The 1-substituted derivatives are fairly easily prepared, but the 2-

substituted compounds are still not readily obtained either by our

procedure or those of others. 13

We have examined the preparation of bicyclo[ 2. 1. 1] hexen-5-yl

derivatives, and the results of this investigation have in part been



published. 14 The compound of major interest, endo-bicyclo[ 2. 1. 1] -

hex-2-en-5-ol, could not be obtained because of its very ready re-

arrangement to benzene. The details of the transformations are

being prepared for publication.

.5. NMR Studies. One of the most important techniques in

investigating the structure of the compounds described above has been

nmr spectroscopy. In order to leain more about the effect of geometry

on coupling constants and of substituents on chemical shifts, we have

begun a detailed investigation of the spectra of some of the compounds.

The spectra of twenty-two monosubstituted cyclopropanes have been

completely analyzed, and the spectra of four monosubstituted cyclo-

butanes have also been completely analyzed. 1 The spectra of a

series of bicyclo[ 1. 1. 1] pentane and bicyclo[ 2. i. 1] hexane derivatives

are bing studied in order to provide a series of compounds with known

fixed relationships between substituents and C-H bonds. This will

permit a detailed theoretical examination of the relation between the

chemical shift and the geometry and nature of t, 2 substituent.
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